Strategies to resolve the catalytic mechanism of acetylcholinesterase.
Acetylcholinesterase (AChE) hydrolyzes its physiological substrate acetylcholine at one of the highest known catalytic rates. Two sites of ligand interaction have been identified: an acylation site or A-site at the base of the active-site gorge and a peripheral site or P-site at its mouth. Although much is known about AChE structure and the role of specific residues in catalysis, a detailed understanding of the catalytic mechanism and the role of the P-site has lagged far behind. In recent years, we have clarified how the P-site and A-site interact to promote catalysis. Our studies revealed that the P-site mediates substrate trapping and that ligand binding to the P-site can result in steric blockade of the A-site as well as allosteric activation of substrate hydrolysis. Because a general, nonequilibrium treatment of AChE catalysis results in complex enzyme kinetic formulations, three simpler, overlapping strategies are presented here that provide significant insights into the AChE catalytic mechanism. The strategies are (1) to choose substrates, preferably close analogs of acetylcholine, that render some intermediates in the general reaction scheme negligible; (2) obtain some of the thermodynamic parameters in this scheme with experiments that are independent of kinetic measurements.